In this paper, we present a new Acid-Base Electrochemical Flow Battery (ABEFB). This system is composed of acidic and alkaline solutions, both with a high supporting electrolyte concentration. These solutions are separated by a 10 proton exchange membrane, using hydrogen as both a reactant and a product.
Introduction
In Hydrogen-based Energy Storage Systems (HESS) [1, 2] hydrogen is considered to be an alternative energetic vector, either as fuel or as a transmission element. On the one hand, hydrogen-based fuel cells, which have been widely studied by the scientific community, have become a commercial 5 reality, as reflected by the industrial development in this field [3, 4] . It is also important to highlight that Hydrogen-based Uninterruptible Power Supply (HUPS) systems [5] , are mainly composed of: 1) an electrolyser connected to a renewable power source (considering or not battery storage systems), 2) a Proton Exchange Membrane Fuel Cell (PEMFC) and 3) a central control, and 10 used to distribute energy, produced at the PEMFC, to the final consumption point or to a battery storage. In this case, the electrolyser is used to produce hydrogen from water, which is then stored, normally in metal hydride tanks, and later used in the PEMFC as fuel while air or oxygen are used in the cathode [6] . Therefore, energy can be stockpiled as hydrogen or in a battery. In this 15 communication, we propose the use of a HUPS using hydrogen both as reactant and product. In this case, energy is stored or generated depending on whether the system is used as a galvanic or as an electrolytic cell, respectively.
As it is well-known, the H + / H 2 redox potential is dependent on pH and its value decreases in (1.98·10 -4 ·T) V per pH unit, T being the temperature in K. Thus, 20 two solutions with different pH values show different electrode potentials [7] .
Based on this fact, we propose an energy storage system in which two solutions are separated by a proton exchange membrane. One of these solutions should be acidified and the other should be basified, using hydrogen as both a reactant and a product. Thus, if a high supporting electrolyte concentration is used in 25 both solutions, the neutralization energy obtained from these solutions may be used as electromotive force in this energy storage battery.
All these facts lead us to define a new Acid-Base Electrochemical Flow Battery (ABEFB) as a pseudo-redox flow battery [8, 9] . In this kind of charge-discharge energy storage systems, electrolytes are called positive electrolyte or posilyte 30 and negative electrolyte or negalyte (solutions in contact with positive and negative electrodes, respectively), instead of anolyte and catholyte. 
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On the other hand, energy can be obtained from the system during the discharging process. In alkaline medium hydrogen oxidation to water takes place at the negative electrode:
while at the positive electrode hydronium ions are reduced to hydrogen:
Thus, during the discharging process, the overall reaction is also: H 3 O + + OH -→2 H 2 O, so both solutions are neutralized. Moreover, as in the charging process, there is hydrogen self-supply and ionic transport through the membrane is kept by the supporting electrolyte.
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The aim of this communication is to verify this new concept of Acid-Base Electrochemical Flow Battery (ABEFB) or "all-hydrogen flow battery". In this sense, we have separately studied both charging and discharging processes for several charge capacities. Both charging and discharging processes have been 4 evaluated using charging or discharging and power curves as well as constant current density experiments.
Material and methods
A filter-press electrochemical reactor with a geometric electrode area of 4 cm 
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Posilyte and negalyte starting solutions had the same concentrations of HCl and NaOH and different experiments with several initial concentrations were carried out. In this way, four theoretical charge capacities were defined for the ABEFB.
Moreover, a 2 M NaCl concentration was used as supporting electrolyte in both solutions. In all experiments, a peristaltic pump (Ismatel Reglo DIG MS/CA 2-25 8C) provided both posilyte and negalyte at 50 mL min -1 flow from their vessels with an Ar atmosphere and gas diffusion electrode was fed by hydrogen (Praxair, purity 99.999%) at 50 ml min -1 . It is important to note that, posilyte is fed to gas diffusion compartment (HOR) in charge process and to platinized titanium compartment (HER) in discharge process. Concurrently, negalyte is 30 also fed to gas diffusion compartment (HOR) in discharge process and to platinized titanium compartment (HER) in charge process. Thus, solutions are 5 interchanged in charge and discharge process or vice versa. In this sense, diagram of this system is shown where each part of completed system (figure 2.a.) and electrochemical reactor (figure 2.b.) is described in detail.
Current and power were normalized to the geometric area of the electrode and plotted as current and power densities. Experiments were carried out using a
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Metrohm Autolab PGSTAT30 Potentiostat/Galvanostat. Moreover, electrode potentials versus Ag/AgCl reference were checked using a FLUKE 179 multimeter. These reference electrodes are connected with the solutions of the compartments through a Teflon capillary tube as is described in figure 2 .c.
Finally, temperature effect was analysed both in the charging and discharging 10 processes. Thus, thermotastted vessels at tested temperatures of 293, 303, 313
and 323 K have been used.
Results and Discussion
As mentioned above, four experiments with four different theoretical charge Nevertheless, the charge curves show very similar profiles for the different tested charge capacities. Moreover, while during charging charge curve profile is not related to charge capacities, during discharging curves are dependent on theoretical charge capacities and the higher the tested charge capacity, the higher the current densities obtained. This increase, as shown, is lower in the 30 two higher theoretical charge capacities. This behaviour could be attributed to mass transport problems at both electrodes due to low concentrations of 6 hydronium and hydroxide ions in the posilyte and negalyte, respectively.
Furthermore, discharging curves are associated with power plots for each one of the tested charge capacities. Maximum power density also increases at higher theoretical charge capacities (aforementioned trend). In this case, a maximum power density value of 20 mW cm -2 for a current density of 49 mA 5 cm -2 was obtained, similar to the obtained values in other electric storage systems [10] . Moreover, it is important to highlight that, in charging processes, no significant differences in total overpotential values were observed for the tested charge capacities.
In addition, four charging/ discharging cycles for charge capacities of 1340 and 
Conclusions
In this paper, the concept of a new Acid-Base Electrochemical Flow Battery (ABEFB), using hydrogen both as a reactant and a product, is validated. The 30 system is composed of two solutions, one is an acidic and the other an alkaline solution; a high supporting electrolyte concentration was used, in both solutions,
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separated by a proton exchange membrane. Therefore, neutralization energy from these solutions may be used as electromotive force in this energy storage battery.
Charging and discharging processes were studied separately for several defined charge capacities. Negalyte and posilyte solutions with the same 5 concentration of both NaOH and HCl were prepared and several experiments with different theoretical charge capacities (134, 335, 670 and 1340 mA h) were carried out. Discharging, charging and power curves were plotted to analyse the electrochemical behaviour of the system. During discharging, the higher the theoretical charge capacity, the higher were the current and power density , energy efficiency of 55% and a faradaic efficiency close to 95 %. However, in an alkaline medium a higher overpotential was observed, especially in the HOR at the discharging process.
Thus, this study would profit from further research on HOR in alkaline medium.
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